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¢ NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL MEMORANDUM X-236

STATIC LONGITUDINAL, DIRECTIONAL, AND LATERAL STABILITY
AND CONTROL DATA AT A MACH NUMBER OF 6.83
OF THE FINAL CONFIGURATION OF THE

X-15 RESEARCH ATRPLANE*

\O AN -3

By Jim A. Penland and David E. Fetterman, Jr.

SUMMARY

| S55349

An investigation to determine the static longitudinal, directional,
and lateral stability and control characteristics of the final configu-
ration of the X-15 research airplane, configuration 3, has been carried
out in the lLangley ll-inch hypersonic tunnel. The tests were made at
an average Mach number of 6.83 and a Reynolds number of 640,000 based
- on the wing mean aerodynamic chord. Data were obtained for an angle-of-
attack range from -20° to 24O at angles of sideslip of 0° and -L.5°,

; The horizontal-tail deflection was varied from -55o to 159, the vertical-
tail deflection from 0O° to -7.5°, and the speed-brake deflection from 0°
to 50°. The longitudinal stability data are referred to the stability-
axis system whereas the directional and lateral stabi%i}y,data are

1 referred to the body-axis system. M
1 rz

INTRODUCTION

Since the initiation of the hypersonic research airplane mroject
by the NACA in early 1954 that resulted in the X-15 airplane project,
a vast amount of information concering hypersonic airplane stability
has been accumilated. Several modifications of an airplane configura-
tion having a cylindrical fuselage and a trapezoidal wing were tested
at Mach numbers of 4.06 and 6.86 and reported in references 1 to 7.
From the data of these references and other available data, North
American Aviation, Inc., in collaboration with the NACA, U.S. Air Force,
- and U.S, Navy established a preliminary developmental X-15 configura-

tion, designated configuration 1. This original configuration has

.t *Pitle, Unclassified.
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undergone two major changes since its conception and as many as nine
alterations on components such as the vertical tail or side fairings.
Data obtained over a wide Mach number range from investigations of the
original configuration 1 and the intermediate configuration 2 are
reported in references 8 to 17. The present investigation is confined
to an investigation of the final configuration 3 and some of the minor
modifications of this configuration. The static longitudinal, direc-
tional, and lateral stability and control characteristics of the
model are presented at a Mach number of 6.83, a Reynolds number

of 640,000 based on the model wing mean aerodynamic chord, an angle-of-
attack range from -20° to 24°, and angles of sideslip of 0° and -4.5°.
Analysis of these data has been omitted in order to expedite release
of this information.

SYMBOLS
Ca axial-force coefficient, F[qS
Cr, 1ift coefficient, Fy[qS
Cp drag coefficient, Fﬁ/qs
Cn pitching-moment coefficient, My[qSC
CZ rolling-moment coefficient, MX/qu
Cp yawing-moment coefficient, MZ/qu
Cn normal-force coefficient, Fy/qS
Cy side-force coefficient, Fy/[qS
Fp ~ force along -X-axis
Fﬁ force along -Xg-axis
Fy force along Y-axis
1 force along -Zg-axis
Fy force along -Z-axis
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moment about X-axis
moment about Y-axis
moment about Z-axis
rate of change of side-force coefficlent with angle of side-

slip at zero sideslip angle, (ggz> o
B=0

rate of change of rolling-moment coefficient with angle of

I BN
oC
sideslip at zero sideslip angle, L
oB 8=0°

rate of change of yawing-moment coefficient with angle of side-

oC
slip at zero sideslip angle, (——E
BB B =0°
rate of change of side-force coefficient with vertical-tail
3Cy

deflection, .
V

rate of change of rolling-moment coefficient with vertical-

tail deflection, —=
BSV
rate of change of yawing-moment coefficient with vertical-tail
deflection, EEQ
v

rate of change of side-force coefficient with differential
' 0
horizontal-tail deflection, Cy

Dyt
rate of change of rolling-moment coefficlent with differential
aC
horizontal-tail deflection, —
hl
rate of change of yawing-moment coefficient with differential
ac
horizontal-tail deflection, —2
By,

N



wing span

mean aerodynamic chord of total wing

free-stream Mach number

free-stream dynamic pressure

free-stream Reynolds numbers, based on ¢C

total wing area including area within body and fairings

longitudinal, lateral, and vertical axes

OW

distance along chord from leading edge
distance perpendicular to chord

angle of attack, deg

angle of sideslip, deg

horizontal-tail deflection, positive to produce positive 1lift
coefficient, deg

equivalent pitch deflection of differentially deflected hori-
zontal tails, positive to produce positive 1lift coefficient,

SHy, + BHR

2 J deg

differential horizontal-tail deflection, positive to produce
positive rolling moment about X-axis, SHL - 6HR’ deg

speed-brake deflection, deg

vertical-tail deflection, positive to produce positive side-
force coefficient, deg

equivalent vertical-tail deflection of differentially deflected
speed brakes, positive to produce positive side-force coeffi-

3 -8
J13 - g3
—— > deg
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Model component designations:

The following designations of various components of the configura-
tions were used throughout most of the wind-tunnel program as carried
out in various research facilities and is therefore retained for the
present investigation. Where applicable, these component designations
are also used as subscripts.

B2 fuselage including canopy of configurations 2 and 3
By fuselage Bo with wing moved forward 0.0734 inch on model
H3 horizontal tail of configurations 2 and 3 with hinge line

at 31.4 percent of horizontal-tail mean aerodynamic chord

H9 horizontal tail H§ moved 0.108 inch rearward on model such

that the hinge line was located at 25 percent of horizontal-
tail mean aerodynamic chord

Jdyo upper speed brakes used with VUS

Jio lower speed brakes used with VL7

JU3 upper speed brakes used with Vyg as directional control

JL5 lower speed brakes used with VL9 as directional control

Vys upper 10° »}edge vertical tail of configuration 3

VL7 lower 10° wedge vertical tail of configuration 3

VU8 upper vertical tail used with differentially deflected speed
brakes JU3

VL9 lower vertical tail used with differentially deflected speed
brakes JLB

Ws wing of configurations 2 and 3

X, shortened side falirings of configuration 3

X1y fairings X), with wing moved forward 0.0734 inch on model

o,
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Subscripts:
L indicates left horizontal tail, lower or left speed brake, or

lower vertical tail
R indicates right horizontal tail or right speed brake
U indicates upper vertical tall or upper speed brake
s stability-axis system
MODEL

A photograph of the model used for most of the present tests is
shown in figure 1. This 0.02-scale model of the final configuration
of the X-15 research airplane is known as configuration 3 and is desig-
nated BAW2X14H9VU5VL7. A three-view drawing of the model is presented

in figure 2 and geometric characteristics are given in table I. The
model was of conventional tail-rearward design, having an ogival nose
and a cylindrical fuselage with side failrings. The cylindrical portion
of the model was slightly boattailed at the base. The model had a
trapezoidal wing with 25.64° sweep of the quarter-chord line and had an
all-movable horizontal tail for pitch control. This tail, which could
be operated differentially for lateral control, was swept back 450 at
the quarter-chord line and had 15° of negative dihedral. Both the wing
and the horizontal tail had modified NACA 66-005 airfoil sections; the
ordinates are presented in table II. Figure 3 presents details of the
vertical-tail surfaces and speed brakes. The vertical-tail surfaces
had 10° included angle wedge airfoil sections and a plan-form-area dis-
tribution of 55 percent of the total vertical-tail area for the dorsal
fin and 45 percent for the ventral fin. The directional controls con-
sisted of the outer panels of both upper and lower vertical-tail sur-
faces. The inside part of each tail surface was fixed and supported the
speed brakes.

A few tests were made on a modification of configuration 3. This
modified configuration (designated BQWZXMHBVUBVLQ) is similar to

configuration 3 (designated BuWQXluH9VU5VL7) except for minor shifts

of the wing and horizontal tail (as noted in the definition of component-

designation symbols) and a major alteration of the vertical tail and
directional controls. This modified vertical tail is shown in detail
in figure 3(b) and had a 10° included angle wedge airfoil section and
a plan-form-area distribution of 60 percent of the total vertical-tail
area for the dorsal fin and 40 percent for the ventral fin. The direc-
tional control consisted of differentially deflected speed brakes.

i
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Figure 3(b) shows a differential deflection of the speed brakes to
give -5° directional control and an average speed-brake deflection
of 10°,

APPARATUS AND TEST CONDITIONS

The tests were conducted in the Mach number 6.86 test section of
the Langley 1l-inch hypersonic tunnel. The tunnel-wall boundary-layer
thickness and likewise the free-stream Mach number of this test sec-
tion are dependent upon the stagnation pressure. For the tests, an
average stagnation pressure of 26 atmospheres and an average stagnation
temperature of 675° F (to avoid liquefaction) were maintained. The
average free-stream Mach number was 6.83 and the Reynolds number was
640,000 based on the model wing mean aerodynamic chord. The absolute

humidity was kept to less than 1.9 x 10-5 pounds of water per pound of
dry air for all tests. Force and moment data were obtained by use of

a six-component strain-gage balance through an angle-of-attack range
from -20° to 24° at angles of sideslip of O° and -4.5°, The horizontal-
tail deflection was varied from -35° to 15°, the vertical-tail deflec-
tion from 0° to -7.59, and the speed-brake deflection from 0° to 50°.
One test was made at an angle of attack of 0° and a range of sideslip
angles from -2° to 21°. The balance and model were mounted in the
tunnel test section on a movable strut which was rotated through an
angle of attack during the run for each test point. Angles of sideslip
were obtained by offsetting the model and balance support to the desired
sideslip angle prior to each run. Thus the data were obtained at an
essentially constant slideslip angle over the angle-of-attack range.

The true angles of attack were set optically by use of a point
source of light and a small lens-prism assembly mounted in the model
behind the fuselage fairings. The image of the light source was
reflected by the prism and focused by the lens onto a calibrated chart.
Model base pressures were measured during all tests and the axial-force
component was adjusted to correspond to a base pressure equal to stream
static pressure.

ACCURACY OF DATA

The probable uncertainties in the force and moment coefficients
for the individual test points due to the force balance system and
variations in dynamic pressure are presented as follows:
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CL, v = ¢+ o o o o o o o o e e e e e e e e e e e e e e e e e +0.02 v
Cp « @« =+ o s o e st e e e e e e e e e e e e e e e +0.006 -
Cpp o e ¢ 0 o o b a e e e e e e e e e e e e e e e e e e e e +0.006

C v o e e e e e e e e e e e e e e e e e e e e e e e e ... *0.0005

Chp v o v o o o o o e e e e e e e e e e e e e e e e .. 0,001

O I T T T T T T T S P T T +0.005

The errors in the positioning of the angle of attack, angle of
sideslip, and horizontal-tail, vertical-tail, and speed-brake deflec-
tions were no greater than +0.10°. The stagnation pressure was meas-
ured to an accuracy of #2 inches of mercury out of about 800 inches
and the variation of the Mach number used in calculating dynamic pres-
sure was no greater than #0.0l.

O W= (1

RESULTS AND DISCUSSION

The results of the tests are presented as coefficients of forces
and moments as defined in the section entitled Symbols. The longi-
tudinal data are referred to the stability-axis system and the direc- *
tonal and lateral data are referred to the body-axis system. The body-
and stability-axis systems are illustrated in figure 4. The moment
reference was at 20 percent of the wing mean aerodynamic chord. All ’
tests were made at a Mach number of 6.83 and a Reynolds number of
640,000 based on the wing mean aerodynamic chord. Typical schlieren -
photographs of configuration 3 are presented in figure 5.

The data are presented in the form of comparison plots to show
the effects of component breakdown and control deflection. For con-
venience in locating these various effects and configurations, an index
to the data figures is presented in table III, The basic longitudinal
stability characteristics (CL, Cp, and Cm> are presented in figures 6

to 22.

With the exception of one test at o = OO, no variations of the
basic lateral and directional stability data (Cy, Ch, and CZ) with

sideslip angle are presented since most of the tests were made through
the angle-of-attack range only at sideslip angles of 0° and -4.5°.
Straight-line slopes between the basic data at these sideslip angles
were then used to obtain the lateral and directional stability param-
eters. This method is believed to yield sufficiently accurate results
since the slopes so obtained agree very well with those obtained from .
a limited number of tests wherein the model was tested over a sideslip-
angle range at o = 0° and in all tests the values of the lateral

Ny —
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forces and moments were zero within thé*&éburacy of the results at

B = 0°. Siy-component body-axis data at o = 0° and B = -2° to 21°
are~presented in figure 23 and show essentially linear variations of
the coefficients Cy, Cp, and C; with sideslip angle near B = 0°.

The lateral and directional stability parameters (CYB; and

C C; \
| N ‘8/
are presented in figures 24 to 35. The straight-line-slope method was
also used to obtain the lateral and directional control parameters

presented in figures 36 to 48.

Although an analysis of the data has been omitted from this report,
a few comments concerning parts of the test results are in order. A
comparison of the aerodynamic characteristics presented in figures 8
and 9, particularly the pitching-moment coefficients Cp, shows that
marked nonlinearities occur at low angles of attack for the configura-
tion with the wing because of wing wake impingement and lnterference
on the horizontal tail. This phenomenon has been reported previously
in references 5 and 18. Tests at Reynolds numbers other than that used
in the present investigation indicate that this pitching-moment non-
linearity is aggravated at lower Reynolds numbers and diminishes at
higher Reynolds numbers. Although to a lesser degree, the results of
tests with speed-brake deflection are also affected to some extent by
the Reynolds number level of the tests inasmuch as some flow separation
occurred over and ahead of the brake surfaces in the vicinity of the
hinge line. ‘

For the remaining tests with undeflected horizontal tails and
speed brakes, no significant effects of Reynolds number on the longi-
tudinal, lateral, and directional stability and control characteris-
tics were observed.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., November 5, 1959.
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TABLE I.- GEOMETRIC

Wing, WQ:
Area, total, sq in. . . .
Area, exposed, sq in. . .
Span, in. . . . . . . . .
Aspect ratio . . . . . .

« e+ s e .
e s s e e =
e e s+ s s .

e e s & s o

Root chord, fuselage center line, in,

Root chord, exposed, in.
Tip chord, in. . . . . .

Mean aerodynamic chord, in. . . . . .

Sweepback angles, deg -
Leading edge . . . . .
25-percent-chord line .
Trailing edge . . . . .

Taper ratlo . . « + . . .

Dihedral angle, deg . . .

Incidence angle, deg .

Alrfoll section, parallel to fuselage

Leading-edge radius, in. -

TiP v ¢ ¢ o ¢ ¢ ¢ o o &
Fuselage-line chord . .

Horizontal tail, H§ and H9:

Area, exposed, sq in. . « « + . ¢ . .
Semispan (panel span), in.
Aspect ratio of exposed area , . . .
Taper ratio of exposed area . . . . .

Root chord, exposed, in.
Tip chord, in. . . . .
Mean aerodynamic chord,
Sweepback angles, deg -
Leading edge . . . . .
25-percent-chord line .
Trailing edge . . . . .
Dihedral, deg . « . « .« .
Airfoll section, parallel
Leading-edge radius, in.
Tip o & ¢« o o & & . .
Fuselage-line chord N

Upper vertical tail, VU5:

« o e e+ o

exposed area,

« e o ¢ e @
e e s s e e
D S Y

to fuselage

Area, exposed, sq in. . . . . . . . .

Span, in. . . . . . . . .

Aspect ratio of exposed area . . . .
Taper ratio of exposed area . . . . .
Root chord, fuselage surface line, in.

Tip chord, in. . . . . .

Mean aerodynamic chord of exposed area

Sweepback angles, deg -
Leading edge . . . .
25-percent-chord line .
Trailing edge . . . . .

e & & s e e

Airfoil section, parallel to fuselage

Leading-edge radius, in.
Control surface -
Area, sq in. . . . . .
Root chord, in. . . . .
Mean aerodynamic chord,

in, . . . .

e o e e e s

¢ e & s o
e o & s s e
« s s & e

center line

, In. . . .

et e o o
t e e e e e
center line
e e e e e

L R
L Y
L R I

« a s s s e s s s e o
e o o 85 o & s e s o o
e o & & s & o e & s o
a e e 4 e

e + « o« ¢ o Modified

. . 11,520
. . 6.05
. . 5.366
. . 2.500
.. 3.578
. . 2.64
.. 0,716
.. 2465

. . 36.75
.. 25.64
e . S1T7.TH
. . 0.200
.. 0

... 0
NACA 66-005

. . 0.008
. . 0.014

.. 2.8718
. . 1.3%
.. l.229
. . 0.328
. . 1.658
. . 0.506
.. 1.8

. . 50.58
. . k45,00
. . 19.28
. . =15.000
NACA 66-005

.« 0.005
. . 0.010

. . 2356
.. 1.10
. . 0.516
. . 0.738
. . 2.450
.. 1.8
. . 2.148

. « 30.000
. . 23, hl}

lOo full wedge

.. 0.010
.. l.s21
.. 2.250

.. 2.039

L) =T



‘ TARLE I.- GEOMETRIC CHARACTERISTICS OF MODEL - Concluded

-~
Lower vertical tail, Vpq:
Area, exposed, 5Q INs o« 4 o & & ¢ s o 4 4 o & & s s s s a4 e s e e e e s .. 198
Span, exposed, in. -
MAXIMUIM o o o o 4 o o ¢ o o o « o o o o s o o o o 8 o o o s o o o a o o o 0.920
MINIMUIM o & o « o o « o « s o o s o s s o s s o a s s « s o« s a « « » « + 0.880
AVET8EE o & o o o o o o o o o o o o o 2 o o o s s o o o o o s 4 s a4 o o o 0.900
Aspect ratio Of €XPOSEd AI'€8 .« o « o« o « « s o « o « « o o o = o o o « « o 0427
Taper r2tic Of €XPOSEd GTEE .« & v & o « o = o « = o« = = 3+ o o s s o« o s o« 0.78
ROOt chOrd, IMu v o 4 & 4 o o o o o o 2 o o o o o s o o s o o s o « o o« o 245
Tip chord, in. . . . . . .« . S e e s s e e s s s e e e e s e e e e s . 1.919
Mean aerodynamic chord of exposed Bref, iN. o o 4 o o ¢ + o o o s ¢« o o o 2.200
Sweepback angles, deg -
Leading €G€E o o o o o « o o o o s o o« o s s s 4 o s s s e s e e o s« o 30,000
o 25-percent-chord 1iN€ o« v v 4 o « o o « « « o o o » « o s o 2 a o = « o« 23 hl}
[Yay Trailing €@ o« o o o o o o o o o o o « o o« s o s s o o s o « o o o .
rr Alrfoll-section, parailel to fuselage center line . . . . . . . . . lOu full wedge
=} Leading-edge radius, ifn. .« ¢ v ¢ ¢ ¢ ¢ ¢t 4t « 4 e 4 e s s s e v e e ... 0,010
| Control surface -
* Area, SQ IN. « v 4 o o = o s o o s o o o ¢ s o s s s e e e e e e 0. e 149
Root chord, Ine v ¢ ¢ 4 o 4 o o ¢ o o o o o o « o o o ¢ o o s a o o« o s s 2.250
Mean aerodynamic chord, in. . o ¢« ¢ 4 ¢ ¢ ¢« ¢ 4 ¢ o ¢ e e e e e s e e .. 2,09
Upper vertical tail, Vjg:
Area, exposed, SQ IN. « o « ¢ o 4 o o o s 4 s e s e s e s e e e e e a e s 176
Span, iNe o o o o o o o o o 2 s e s e s 4 o s s e s e e s s et s e e e e 1.11
‘ Aspect Tatic Of eXpOSed BYEB « 4 o o o o o o o « o o o ¢ s o o« o o « « « « 0.694
Taper ratio of €XPOSEd BYEA . « o s o « « o o o « « o « « s s s o o o o o o 0.435
Root chord, fuselage surface line, 3 « 2.23
Tip chord, In.e . « ¢ o ¢« ¢ o o o o o o s o a s + ¢ s o o o s s s o s s « s 0.97
- Mean aerodynamic ChOTd, M. 4 o o « o o = « o + « o o s « = o o o« o o o« « . 1.683

- Sweepback angles, deg -
1e83ing €ABE « « « « ¢ s o s e s s s e e 4 e o 4 e e 8 e s s a e e e 41.5
25-percent-chord 1in€ . o 4 e .o o o = = o o o s o o o ¢« o o o o o s = o o 30.8
- Trailing edge . « « + o « o o .« -« T e -
Airfoil section, parallel to fuselage center 1ine . « . . . . . . . 10° full vedge
Leading-edge radius, in. . ¢« ¢« ¢ ¢ « o ¢ o o s o« o o e e s e e s 0 s e 0.0L
Area, stabilizer (speed brakes), B INe & 4 4 ¢ o o o o o o s o o 6 o o o o 0.699

Lower vertical tail, VL9:

Area, exposed, SQ Ille o « ¢ 4 ¢ ¢ 4 ¢ o s o o s s e e e s 4 2. e 8. 1.19
Span, exposed, IN. & o ¢ « o ¢ o o o 4 s s o s s s s e s e e e e 4 e s s 0.52
Aspect ratio Of €XpoSEd BYE€B . + &+ « « o 4 o o o o + 2 2 o 4 o o o o s s . 0.227
Taper ratio of €XPOSEd BB 4 4 4 o o o s o« o o o o o o o o s o o s o & o 0.83

Root chord, In. o o o o o o ¢ o o ¢ o o s o s o o o » s s e s o o s o s o o 2.59
Tip chord, Ine o o o ¢ o o ¢ o o o o o o o o o s o o o o o s o o o o o o o 2.15
Mean serodynamic chord, iN. « & & & o o s ¢ ¢ ¢ ¢ @ o s s 0 s s e e e s os . 1.99

Sweepback angles, deg -
1eading €AE + « « « ¢ o s v o s 4 o b v s e e s s e e e e e e e e e 43,2
25-percent-chord 1IN€ o« « 4 ¢ 4o v o ¢ 4 4 4 4 4 4 e e 4 e e e s s s e 33. 7
Trailing €dg8 + « « o o o = o o ¢ o ¢ o o s o o o o o o 2 o o o o o .
Airfoil section, parallel to fuselage center line . . . . . . . . . lO° full wedge
Leading-edge radius, In. « « ¢ o ¢« o o ¢ s o o o o s o s s 8 e e e s e o 0.01
Area, stabilizer (speed brakes), 5@ Il. « o ¢ o « « o s o o o ¢ ¢ ¢ 5 o s s 0.484

Fuselage, ByXy):
Length, IN. o v v o o o oo o o s o o s o v o 4 e e e e s e e s 1076
- Moximum Qismeter, ifle + o = ¢ o« o o o o o o o o o o s o o 2 0 o s o o e s . 1.12
Maximum width including side falrings, in. .« « ¢ « o ¢ o o s ¢ ¢ o o o « & 1.76
Fineness ratio, ratio of length to body dlameter . . ¢ « « « & ¢ & « ¢ « & 10.50
- Base A18MELEr, IM. + o v o « « o o o o o + s o o o o o s o s e e e 0. 0.960
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TABLE II.- AIRFOIL SECTION ORDINATES

E@odified NACA 66-005]

(a) Wing W,

(b) Horizontal tails Hy and Hg

x, percent Y, percent chord X, percent ¥, percent chord
chord 1Root Tip chord 1Root Tip
0 0 o} 0 0 0
1.25 .358 1.048 .1 .269 .348
2.5 .533 1.123 .25 o8 .538
5.0 .854 1.263 .5 531 .728
7.5 1.137 1.395 N 590 846
10 1.382 1.523 1.25 L650 .969
15 1.759 1.769 2.50 .791 1.052
20 2.001 2.001 5.00 1.048 1.206
25 2.182 2.182 7.5 1.268 1.353
30 2.318 2.318 10 1.458 1.495
35 2.416 2.416 15 1.765 1.768
40 2.476 2.476 20 2.001 2.001
45 2.500 2.500 25 2.182 2.182
50 2.485 2.485 30 2.318 2.318
55 2.43%2 2.432 35 2.416 2.416
60 2.332 2.332 Lo 2.476 2.476
65 2.151 2.151 L5 2.500 2.500
67 2.085 2.085 50 2.485 2.485
100 .500 .500 55 2.432 2.4%2
60 2.332 2.332
L.E. radius: Root, 0.015 inch; 75 1.653 1.653
tip, 0.008 inch. 90 .961 .961
100 .500 .500
Basic airfoil modifed for

linear taper between root and
tip forward of l7-percent-
chord line and modified to
straight side rearward of
67-percent-chord line to
l-percent-thick trailing edge.

lExposed root chord.

L.E. radius: Root, 0.010 inch;
tip, 0.005 inch.

Basic airfoil modified for
linear taper between root and
tip forward of 5-percent-
chord line at root and
15-percent-chord line at tip
and modified to straight side
rearward of 67-percent-chord
line to l-percent-thick
trailing edge.

lExposed root chord.
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TARLE III.- INDEX OF TATA FIGURES

1o
x"":ﬂ“'i“‘ Vertical-tail Speed-brake Data st 8 = 0°
deflection deflection, deflection,
» [l
deg deg CL, Cp Gy Cor €
Effects of - Configuration deg T ey O
Angle of
Bm, | %my | By | By Sy o, Figwe | attack, Figure
a, deg
DuXys el Bl -
By MpXyy, Bl B -
Component, parts | PW¥2X1Eg ot o 6 Aoz |
¥, 7 [ [ o - 2
By¥oX, 4 HgVys
ByWoky VsV O 0 o -
BV X BgVyo¥y 7 0 0 ° 0
BWakia YusViy L o =
Speed . By oKy Vos Ve e ° 26
with and B ¥oXauBgVysVy o o ° 0 7 & to 2k 2
without hori- | BWXyBVieVidip o 0 o 2%
vental tall B Xy VsV duaLe e 35 2
B WXy BgVys ¥y plyafro o o 35 25
Borizomtal-tail [ [ 24
deflection oo -10 | -0 -
BXy BV o 20 | a0 [ 0 o o 8 -20 to 24 -
~33 =35 -
° ¢
Borizontal-tall -0 | -0
deflection oo W, ViV, -20 | -20 o o o [ -20 to 2 - to 24
configuretion | v 2XLkBgVusViy =30 | -30 g ° o
with wing -33 -35
5 2.
[ 0 28
Vertical-tail -2.5 | -2.5 -
deflection By X1 BgVys¥r g o 4 e - [ o 10 i to 24 eg
-7.5 -7.5 2
[ [ 29
Differential 2 2 -
nor 1 sontal v BT 29
hort; B VX HgVysVyy ig -;g o 0 o o 1 4 to 24 g’?
deflection "o 20 i
20 o --
Horizomtal-tail 0 ] 35 35
deflection <10 | -10 35 35 .
vith speed- \/ Vo V- ~20 -20 ] ] 35 35 1 -k to 24 30 to
BV X BV ude S pet fed
deflection w20 | -20 50 50
Horizontal-tall
deflection 0 o
with upper ByVoXy  HoVieVy T -10 | -10 o o 35 © 13 b to 2 31 - to 2k
specd-brake N ftustur -20 | -20
deflection
Speed-trake
deflection
0 °
with differ- . 2
ental By¥ Xy BgVys Y, Pyl B -0 0 0 ;2 ;5) 1k 4 to 24
borizontal-tail
deflection
Differential
horizontel-tai) 2] o] 0 [+]
deflection with 1| -i0 © 0 A 20 to o
and vithout BWXLEVsu2is | 20 | b o ] ] ° 15 20 to 24
speed-brake 20 ° 35 35
deflection
Vertical-tail ) °
deflection with -2.5 | -2
horizontal-ta1l | BuWXuuBgVysW iy | <20 | -20 | - [ [ 16 -2 to 24
deflection ST5 TS
Horizontal-tail
Qeflection with
[
upper vertical-| . VoV -10 _go .5 ) 35 35 17 -4 to 24 32 <4 to 24
tall and speed- | BW¥oX1uBgVysVirlyzlro g e
brake deflec- -
tions
Horlzontal-tail
deflection with [ [
vertical-tail ByWaXyuBgVyeVipdyady, | -10 | -10 -5 -5 35 35 18 b to 24 33 -20 to 24
and speed-brake -20 -20
deflections
[ [
Upper ve R -
tail deflection | B4"oX1uBgVysViy ] ] _2 'g ° o 19 - to 2 3k 20 to 24
Speed-brake and | BoW Xy RaVyodis ° o o 10 -
horizontal-tatl | BoXViaVy ghsdys —] e 10 10 -
gefiections HaV, o 0 o [ o o 20 -20 to 2k 35
vith snd with. | PN2XusVygig S
out horizontal | BaWaXyEsVigVyolisdys o 0 10 10 35
tedl BHXHVyg¥glysdys | -0 | -10 10 10 JE
Effective L R L R
Differential 0 10 10 { 10 10
speed-brake Ez V6V, J; ] 0 -5 -3 5 15 5 15 21 -4 to 24
deflection P VugL T3 -10 -10 0 20 o 20
e rontal-tail Brective | LR | T R
- (] 0
deflection with
speed.brake BEVEXMHEVUBVLQJU}JH “5) :io [ [ 10 10 10 10 22 -4 to 2h
deflection

SRR,

15



e 600 © 000 o 00 (X J L ] L [ ]
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* o o o *e o L] [ ] e o [ ] [ ]
e o e o e o o . [ XX ] L ] L
16 o o000 o L4 m eoe 00
TABLE TIT.- INDEX OF DATA FIGURES - Concluded
Hori:?;‘tsl- Vertical-tail Speea-brake
deflection, deflection Angle of Angle of
deflection ’ s N
’ deg deg attack, sideslip,
Effects of - Configuration deg Figure a 8
) ;
deg deg
Su, | ®mg | Bvy | Ovp Sy S
Data: Cy, Cp, Cpy Cy, Cp, C
Angle of sideslip Bu”leuﬂgvus"m l [+] | 0 l [o] l o 1 0 [¢] l 23 i o] -2 to 21
Data: C C c
Yoy’ Ny’ lay
Upper or upper and 0 o 0
lower vertical- -5 o] 0
tail and speed- | BaWoXulgVusVipiugdie | © S o 35 35 36 -k to 24 0
brake deflectlons -5 35 35
Horizontal-tail
deflection with 0 0
upper vertical- BMWZthHQVUﬁvLTIU?JLE -10 =10 -5 o] 35 35 37 -k to 24 0
tull and speed- -20 -20
brake deflections
Horizontal-tull
deflection with o} 0
vertical-tail and BMWZXLhH9VU5vL'(JU2JL2 -10 -10 -5 -5 35 35 38 -4 to 24 [o]
speed-brake -20 -2
deflections
Spueed-brake 0 % 0
deflection at BW X H VUV, T o o -5 5 0 0 59 20 to 24 e
angle of sideslip 905 LT ;; ;2 S .
Horizontal-tail
deflection with
upper vertical- o] ]
tail and speed- Bhw.?thHQvUﬁvL?JUQJLQ -10 -10 -5 0 35 35 Lo -4 to 2k 4.5
brake deflections -20 -20
at angle of
sideslip
Horizontal-tall
deflection with 0 0
vertical-tail and - - .
speed-brake By WX HoVys Vi, 7dypdre -io -io -5 -5 35 35 41 -4 to 24 4.5
deflections at -20 -0
angle of sideslip
Angle of sideslip
with upper - [¢]
vertical-tail Bhw2xth9VU5VL7 0 0 -2 ° o o ha <k to 2k -b.5
deflection
SR L4 S - S
o : Effective L R L R
Differcential speed- - .
. BoW Ha VgV J. o] o - -5 S 15 5 15 43 -k Lo 2k o]
brake deflect, oW oK), Ha Vi gVgTysdy 3 5 5 5 15
rake deflection U3 1o o o 20 o 20
N R -
Data: G C C
Yent? “Penr’ Clan
Angle of sideslip BuWZleH9VUbVL7 10 -10 0 ] o] [¢] Ly -20 to o4 _E 5
Angle of si lip
with equivalent W -10 ~30 X _L o 0
sontal-tuil ByH2X) 4 EgVys YLy ? 0 © 0 ° ? Lo 2 ;)
Gpeed-brake o 0
deficetion BWoXg W HoVys Vi g9yl 10 -10 0 0 ;‘) 32 b -4 to ok [¢]
5
Hpeed-brike T N
detleetion with ° o
equivalent B WX HgVige VL pTy I Lo 20 o 0 0 N Ly -0 to 24 [¢]
horizontal-tudl BRI UL 35 35
det'le i
) -1t R 1
Ll By WXy HgVys V7 Jg —.’5'(01 0 0 0 0 L8 b to 24 0
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(b) Vertical tails VygVLg and speed brakes JyzJpz.

Figure 3.- Details of vertical tails and speed brakes showing typical
- symmetrical and differential speed-brake deflection. All dimensions
in inches.
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M = 6.83; R = 640,000,

chlieren photographs of configuration 3,
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@, deg

wing, horizontal tail, and upper vertical tail.

(a) Body-fairing,

640,000.

R =

5

6.83

M =

Figure 6.- Effect of component parts on the longitudinal stability char-
acteristics of configuration 3.
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tails.

Figure 6.- Concluded.
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.- Effect of differential horizontal-tail deflection on the

640,000.

longitudinal stability characteristics of configuration 3.

Figure 11
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Figure 26.- Effect of speed-brake deflection on the lateral and direc-
tional stability characteristics of configuration 3 with and without
horizontal tail. M = 6.83; R = 640,000.
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